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Article abstract-Objective: To examine the influence of impaired cognitive processing on measures of driving skills in persons with MS. Methods: Twenty-eight subjects with documented MS were divided into two groups-with [MS(ϩ), n ϭ 13] and without [MS(Ϫ), n ϭ 15] cognitive impairment-based on neuropsychological performance. Healthy control (HC) subjects (n ϭ 17) matched on age and driving experience were also studied. Driving-related skills were compared between the groups based on performance on two computerized driving tests: the Useful Field of Vision (UFOV) and the Neurocognitive Driving Test (NDT). Results: The MS(ϩ) group performed significantly worse than both the MS(Ϫ) and HC groups in the latency to perform several driving-specific functions on the NDT, but no overall group differences were observed in actual errors on the NDT. On the UFOV, when compared to MS(Ϫ) and HC subjects, the MS(ϩ) group demonstrated poorer performance on two of the three subtests. Additionally, a significantly higher percentage of MS(ϩ) individuals were rated within the high risk (probability of crash involvement) category, relative to the MS(Ϫ) and HC groups. Conclusions: Cognitive impairment can negatively affect driving-related skills in persons with MS and should be considered in the determination of driving ability. The impact of cognitive impairment on driving skills and abilities has been documented in various neurologic populations, including brain injury, 1-3 stroke, 4, 5 and dementia. 6, 7 These studies have identified decreased attentional and visual perceptual skills, slowed information processing speed, and executive dysfunction as related to impaired driving skills and abilities. [8] [9] [10] [11] Despite recent evidence indicating the presence of deficits within these cognitive domains in persons with MS, 12, 13 few studies have examined driving skills and abilities in MS.
There is some evidence for driving difficulties among persons with MS. For example, it has been reported that persons with MS have a significantly higher number of traffic offenses and accidents when compared to healthy adults. 14 More recently, in a study examining factors relevant in determining whether individuals with MS could resume driving, cognitive and emotional factors were identified as more relevant to driving ability than either duration of illness or degree of neurologic deficit. 15 Although these findings underscore the importance of evaluating driving ability in patients with MS, none has provided guidelines for determining fitness to drive. Furthermore, given that physical impairment (i.e., visual acuity, limb weakness) is more commonly viewed as relevant to the ability to drive, among individuals with MS, 16 the presence of cognitive impairment alone may not trigger concerns regarding driving capacity.
Overall, whereas the results of these few studies support the perception that driving difficulties exist among individuals with MS, none has directly examined the relationship between the presence of cognitive impairment in MS and performance on measures of driving skills and abilities.
We studied the impact of cognitive impairment on driving skills in persons with MS by comparing performance of individuals with clinically diagnosed MS-both with [MS(ϩ)] and without [MS(Ϫ)] cognitive impairment-on two computerized measures of driving-related skills (i.e., off-road assessment of components required for driving). We hypothesized that MS(ϩ) individuals would demonstrate decreased performance compared to MS(Ϫ) and matched healthy control (HC) subjects on measures of driving skills.
Methods. Participants. Participants included 28 individuals with MS and 17 HC subjects. Groups were matched on age, sex, and years of driving experience. A diagnosis of MS was confirmed through medical records provided by treating physicians. Subjects with MS were recruited via advertisements through the Greater North Jersey Chapter of the National Multiple Sclerosis Society, as well as from prior research study databases within our laboratory. HC subjects were recruited from hospital staff via bulletin announcements. Subjects with prior neurologic disorders, psychiatric illness, or history of substance abuse were excluded from the study. MS subjects who reported an exacerbation of symptoms within 1 month before testing were also disqualified. All subjects completed an Institutional Review Board approved consent form at the initiation of the testing session, and all testing was completed within one session.
At the time of testing, all subjects held valid driver's licenses in the state of New Jersey or Pennsylvania and were under the age of 55. Driving requirements included active driving status, a minimum of 1 year driving experience, and accordance with the visual requirements of the Department of Transportation of New Jersey or Pennsylvania. Specifically, for NJ drivers, this was a minimum of 20/50 visual acuity rating in at least one eye; for PA drivers, a minimum of 20/40 visual acuity with or without corrective lenses. In addition, to minimize the influence of physical limitations on driving performance, only subjects with minimal to no physical involvement were included. Physical limitation was defined by a score of greater than three on the Ambulation Index. 17 MS subjects with a score greater then three were not included in the study. All participants were also required to be independent from the use of assistive driving devices at the time of the evaluation.
Of the MS participants, 61% (n ϭ 17) were categorized with the relapsing-remitting course of MS, 7% (n ϭ 2) with secondary progressive, and 4% (n ϭ 1) with primary progressive. For the remaining individuals (n ϭ 8), a definitive course of MS was not obtainable. Pertaining to driving behavior, 75% (n ϭ 21) of the individuals with MS reported no change in driving habits since diagnosis and 68% (n ϭ 19) indicated that they primarily drove alone. At the time of testing, 61% (n ϭ 17) of the MS participants were employed. Of those working, 70% (n ϭ 12) reported a full-time occupation (40 h/wk), with the remaining 31% (n ϭ 5) reporting work within a part-time capacity (Ͻ40 h/wk).
For the purposes of the current study, the MS sample was divided into two groups-MS(Ϫ) (n ϭ 15) and MS(ϩ) (n ϭ 13)-as determined by objective neuropsychological test performance obtained immediately before testing driving skills and abilities. Definition of cognitive impairment was based on a technique employed in prior studies with MS samples. 12, 18 Specifically, MS subjects were compared to HC on all neuropsychological tests. Individuals who performed at or below the fifth percentile of performance on two or more neuropsychological tests within the present HC sample were categorized as cognitively impaired. A summary of the demographic and other descriptive characteristics of the groups can be found in Additionally, as recommended by the National Multiple Sclerosis Society, the 9 Hole Peg Test and the Ambulation Index rating were administered as measures of motor function abilities. 19 To measure visual acuity, the Snell Visual Eye Examination was administered in accordance with standard medical guidelines. 20 Driving. Two instruments were used to assess drivingrelated skills: the Useful Field of Vision test (UFOV) and the Neurocognitive Driving Test (NDT). The UFOV is a standardized and commercially available product that quantifies the visual field area (useful field of view) over which a driver can process rapidly presented visual information. 21 It has been incorporated into studies examining the relationship among aging, cognitive decline, and driving ability. 22, 23 Specifically, the UFOV has been demonstrated to be predictive of accident involvement among elderly populations, 22 where most of the work on driving has been conducted. The UFOV is comprised of three subtests: visual information processing, divided attention, and selective attention, which are used to generate an overall composite index (UFOV Overall Score). The UFOV Overall Score is used to categorize the driver's risk of accident involvement within the categories very low to low risk, moderate risk, and high risk. 21 Performance scores of the three individual UFOV subtests, as well as the UFOV Overall Score, were used as dependent measures.
The NDT is a computerized test that was created based on Michon's theoretical model of driving behavior 24 and was designed to allow the assessment of various drivingrelated skills in an ecologically valid format. 25 NDT performance has been shown to correlate significantly with hospital-based evaluation of driving ability in adults with moderate to severe traumatic brain injury. 25 Briefly, the NDT is comprised of five sections: 1) Self-Evaluation Questions, 2) Pre-Driving Questions, 3) Simple and Choice Reaction Time, 4) Driving Scenarios, and 5) Visual Task. A description of these sections is provided in table 2.
The NDT generates two composite scores that served as dependent variables: total error score (NDT-ERR) and total latency time score (NDT-LAT). Specifically, the NDT-ERR is comprised of an average of errors in the simple reaction time, choice reaction time, driving scenarios, and visual field task. The NDT-LAT is an average of latency performance on the pre-driving questions, simple reaction time, choice reaction time, initiation time, and visual task latency time. The concurrent validity of the NDT was established in a prior study comparing performance of individuals with acquired brain injury on the NDT and a comprehensive hospital-based evaluation. 25 Additionally, to verify and examine driving history, a state-issued driver history abstract was obtained for each participant from the NJ and PA Departments of Motor Vehicles.
Data analysis. To examine the relationship between cognitive impairment and driving skills, group performance was analyzed using one-way analysis of variance (ANOVA). To examine group differences in driving-related skills based on NDT performance, separate ANOVA comparisons of the NDT-LAT and the NDT-ERR among the * MS (ϩ) subjects were significantly different from MS(Ϫ) subjects at p Ͻ 0.006.
Table 2 Description of sections of the Neurocognitive Driving Test

Sections Description
Self Evaluation Questions Five self-report questions designed to allow subjects to rate their driving ability on a scale of 1 to 5
Pre-driving Questions
Series of 12 open-ended and multiple choice questions designed to target an individual's ability to correctly identify information needed before engaging in driving (i.e., check gas in car, have proper documentation)
Simple and Choice Reaction Time Task
Total of 24 counterbalanced trials, 12 simple and 12 choice measures; subjects respond, via foot pedal, to color stimulus presented through a modified photograph of a traffic light; latency time and total errors are recorded Driving Scenarios Simulated driving scenarios engineered to measure driving ability by requiring subjects to drive through three scenarios using a steering wheel and foot pedals; driving situations include emergency, verbal directions, and written directions; initiation time (measure of time required for driver to re-engage in the act of driving after stop stimulus has been presented) and total errors are recorded Visual Task Task designed to assess subjects' left and right visual fields for gross field cuts and visual inattention; incorporates 40 trials with measures for both peripheral and focal visual field errors; latency time and errors are recorded three groups [MS(ϩ), MS(Ϫ), HC)] were performed. Significant results were further analyzed using the Tukey post hoc test.
Owing to the heterogeneity of variance observed among the measures of the UFOV subtests, a natural log transformation was performed for group comparison to improve data interpretation. Following the transformation, ANOVA comparisons of performance on the three subsections of the UFOV among the three groups were performed. Significant results were further analyzed using the Tukey post hoc test. Fisher's exact test was performed to analyze group relationship within the composite index of risk assigned by the UFOV.
Additionally, because it was hypothesized a priori that cognitive impairment would have a significant impact on performance of driving-related tasks among individuals with MS, effect sizes were calculated to provide a measure of the magnitude of differences in performance between the MS(ϩ) and MS(Ϫ) groups. Calculation of the effect size was completed using DSTAT software. 26 Interpretation of the effect size values (small, medium, large) was based on previously defined and recommended standards. UFOV performance. On UFOV Overall Score, a difference was observed among the three groups ( 2 ϭ 12.49; df ϭ 4; p ϭ 0.005). These results are summarized in table 3. Specifically, a higher percentage of MS(ϩ) subjects compared to the MS(Ϫ) and the HC groups were categorized in the high risk group for probability of driving difficulties based on overall UFOV performance.
Analysis of the three subsections of the UFOV revealed significant differences in group performance (summarized in the figure). Discussion. Our study examined the impact of cognitive impairment on driving skills in persons with MS. We compared performance of MS(ϩ) and MS(Ϫ) individuals on two computerized measures of driving skills. MS(ϩ) individuals demonstrated significantly poorer performance on tasks measuring driving-related skills and behaviors when compared to MS(Ϫ) and HC individuals. We provide the first direct evidence that the presence of cognitive deficits among individuals with MS can influence driving skills.
Only recently has the prevalence of cognitive impairment in MS been recognized, and questions regarding the functional impact of these impairments remain to be thoroughly examined in this clinical population. Although concerns regarding changes in the ability to operate a motor vehicle in patients with MS have been raised, traditional factors considered for evaluating this important activity of daily living have more typically focused on physical changes or impairments, not cognitive dysfunction. An extensive literature regarding the impact of cognitive dysfunction on the ability to drive an automobile has been documented for several neurologic populations. 3, 6, 28 The current findings clearly demonstrate that a similar relationship between cognitive impairment and driving skills exists among individuals with MS, whereby the presence of cognitive impairment results in decreased performance on measures of driving-related skills. These findings illustrate the need to consider cognitive factors in addition to physical factors in evaluating the driving ability of persons with MS accurately.
In addition, the current findings provide additional support for previous studies that have identified impairment in information processing speed as a key factor in cognitive difficulties among persons with MS. [29] [30] [31] As such, decreased information processing speed may significantly influence successful cognitive rehabilitation and subsequent functional recovery. In the current study, it is interesting to note that the greatest differences observed were in the measures that incorporated latency of performance. For example, on the NDT measures, differences in time to respond throughout the various driving-related tasks most clearly discriminated the three groups and specifically differentiated the MS individuals with and without cognitive impairment, whereas measures of errors in performance did not differentiate the MS and HC groups. A similar pattern was observed on the central vision and processing speed subtest of the UFOV. Overall, the results suggest that measures of processing speed may be most significantly related to such functional skills as driving.
One limitation of the current study is the narrow range of physical disability represented. More specifically, whereas the main focus of the current study was to examine the relationship between cognitive impairment and driving, specific efforts were made in this study to include only subjects with minimal physical impairment. As a result of the restricted range in grading of physical disability, analysis of physical limitations and driving performance was not feasible. A second limitation is the relatively small sample size. It is recommended that future research use a larger sample, include detailed medical characteristics (e.g., disease course), and study both cognitive and physical limitations. Additionally, inclusion of neuroimaging data (e.g., lesion burden) may help further determine the neurologic underpinnings of the relationship between cognitive and physical impairments and driving-related skills. For example, in other clinical populations, relationships between white matter lesion burden and information processing speed have been observed. 32, 33 As such, whereas the current study did not include neuroimaging details, future incorporation of lesion burden and performance on driving measures may be fruitful. However, consideration into the cost and practicality of such studies and their contribution to the increased understanding of driving capacity among individuals with MS will have to be carefully considered.
The current study examined driving skills based on performance on two computerized driving protocols. Subsequent studies should be conducted to expand these findings through the incorporation of other, more traditional measures of driving skills and ability. For example, studies including both offroad (i.e., computerized tasks) and on-road (i.e., behind-the-wheel evaluations) measures may help to clarify further what specific cognitive factors (e.g., speed of processing, working memory accuracy) directly affect driving-related skills. In addition, the current study included only individuals with MS without physical problems, and therefore, the results of the study may not be generalized to the MS population as a whole. Article abstract-Background: Increased hypothalamic-pituitary-adrenal (HPA) axis activity manifested by elevated cortisol levels is observed in AD and may contribute to AD by lowering the threshold for neuronal degeneration. Presence of the APOE-⑀4 allele increases risk for AD. Increased cortisol concentrations in apoE-deficient mice suggest that APOE genotype may influence cortisol concentrations in AD. Methods: The authors measured cortisol levels in CSF and determined APOE genotypes for 64 subjects with AD and 34 nondemented older control subjects. Results: CSF cortisol was significantly higher in AD than in control subjects. CSF cortisol concentrations differed with respect to APOE genotype in both subjects with AD (⑀4/⑀4 Ͼ ⑀3/4⑀ Ͼ ⑀3/⑀3) and normal older control subjects (⑀3/⑀4 Ͼ ⑀3/⑀3 Ͼ ⑀2/⑀3). Comparison of CSF cortisol concentrations within the ⑀3/⑀4 and ⑀3/⑀3 genotypes revealed no differences between AD and control subject groups. Conclusions: Higher CSF cortisol concentrations were associated with increased frequency of the APOE-⑀4 allele and decreased frequency of the APOE-⑀2 allele in AD subjects relative to control subjects. This effect of APOE genotype on HPA axis activity may be related to the increased risk for AD in persons carrying the APOE-⑀4 allele and decreased risk for AD in persons carrying the APOE-⑀2 allele. Hypothalamic-pituitary-adrenal (HPA) axis activity is increased in AD, as manifested by increased concentrations of cortisol in plasma and urine and an increased plasma cortisol response to stress. [1] [2] [3] [4] [5] [6] [7] [8] Because glucocorticoid administration or stress-induced glucocorticoid elevations in rats and tree shrews produce hippocampal dendritic atrophy and neuronal loss, [9] [10] [11] increased cortisol level in AD may lower the
